ABSTRACT: Different Pt-and Ru-doped Ti/SnO 2 −Sb electrodes were synthe- 
alkaline medium, with no remarkable change in the electrocatalysis of the oxygen 23 evolution reaction (OER). It is concluded that the deactivation of the electrodes is 24 promoted by alkaline dissolution of metal species and coating detachment at high 25 potentials. The introduction of Pt has a coating compacting effect, and Ru(IV), at low amounts until 9.75 at. %, replaces the 26 Sn(IV) cations in the rutile-like SnO 2 structure to form a solid solution that strongly increases the stability of the electrodes. The 27 observed Ru segregation and decreased stability for larger Ru contents (x > 9.75 at. %), together with the selective dissolution of 28 Ru after deactivation, suggest that the formation of a homogeneous (Ru δ Sn 1−δ )O 2 single-phase is crucial for the stabilization of 29 these electrodes.
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INTRODUCTION
31 Because of their unique properties and extremely high 32 versatility, transition metal oxides (TMOs) have received a 33 great interest as electrodes in many electrochemical applica-34 tions.
1−17 Thus, they have been widely used in the chlor-alkali 35 industry, 2 and multiple processes using electrolyzers, 2−4 and 36 constitute promising electrode materials for more sustainable 37 and environmentally friendly technologies in water remedia-38 tion 5−12 and energy storage and conversion. 13−16 Apart from a 39 suitable performance, the economics and feasibility of the 40 TMOs electrodes in these applications largely depend on their 41 service life at operation conditions. 1, 17 dried at 70°C in order to evaporate the solvent and the metal oxides . The number of deposition steps for these loadings were 130 between 20 and 25. A final annealing step was carried out for 60 min at 131 600°C.
132
The nominal composition of the precursor solution is presented in 133 t1 Table 1 . In all cases, the total metal cation concentration was kept 134 constant at 0.5 m. although Sb depletion occurs at the surface of these electrodes. In the same manner, the similarity between nominal and . 293 With the theoretical peak intensity ratio and splitting of the 294 Sb(3d) spin−orbit doublet (1.44 and 10.7 eV, respectively), we 295 used the Sb 3d 3/2 peak to correct the O(1s) photoemission line 296 from the Sb 3d 5/2 interference. 43, 45 After the correction, the 297 O(1s) signal could be deconvoluted into two peaks ( Figure  298 4d ). The major peak at 530.9 eV is associated with oxygen 299 directly bonded to a metal atom (metal oxides) and the minor 300 one (532.1 eV) is related to oxygen bonded to metal 301 hydroxides or hydrated species on the surface.
41,43 302
The introduction of Ru (SnO 2 −Sb(13−x)−Pt-Ru(x)/Ti 303 electrodes) leads to the appearance of Ru 3d 5/2 and 3d 3/2 304 peaks at 282.3 and 284.8 eV, respectively, which overlap with 305 the region of C(1s) core level spectra of adventitious carbon In spite of the structural changes, Table 3 shows that the 352 addition of the doping metals like Ru, Sb or Pt, produces 353 almost no effect in the average crystallite size of the different 354 oxides, which ranges between 5.2 and 5.8 nm. This crystallite 355 size is in agreement with the average particle size (around 5−10 ical Behavior. The capacitance of the electrodes in 0.1 M NaOH was 391 t4 measured at different potentials (Table 4) The capacitance values provide information on the real, 404 electrochemically active, surface area of the electrodes through 405 the so-called roughness factor (Rf), which is defined as the real The voltammetric charge (q*) is another important 417 parameter influenced by both the real surface area (geometric 418 factors) and the specific electroactivity of the sites, which 419 depends on the chemical composition of the oxide layers 420 (electronic factors). The total (q TOT *), outer (q OUT *), and 421 inner (q IN *) voltammetric charges of the electrodes were 422 measured by using the procedure described in the literature. The introduction of a small amount of Pt (3 at. %) in SnO 2 − 489 Sb produces a remarkable stabilizing effect, so that the service 490 life is increased by 2 orders of magnitude ( (Table 3) , by using even about 4−12 times higher Ru contents (Figure 1b) is 526 rather similar to that of the fresh ones (Figure 1a) , whereas the 527 deactivated SnO 2 −Sb-Pt electrode additionally exhibits the 528 detachment of some regions of the oxide coating throughout 529 the whole surface (Figure 1f ) exposing the Ti substrate to the 530 electrolyte (Figure 1g ). In RuO 2 /Ti electrodes, the anodic 531 polarization process produces the detachment of almost the 532 whole RuO 2 layer and only some small fragments remain 533 attached to the support surface after deactivation (Figure 1d) . 534 On the other hand, and independently of the Ru content, figure. 598 the Supporting Information) and the absence of Ru redox 599 peaks and extremely low currents in its CV profile (Figure 8h 
